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AERODYNAMIC DATA ON A LARGE SEMISPAN TILTING WING 


WITH 0.6-DIAMETER CHORD, FOWLER FLAP, AND 

SINGLE PROPELLER ROTATING UP AT TIP 

By Marvin P. Fink, Robert G. Mitchell, 
and Lucy C. White 


SUMMARY 


An investigation has been made in the Langley full-scale tunnel to determine 
the longitudinal aerodynamic characteristics of a large-scale semispan V/STOL 
tilt-wing configuration having a single propeller which rotated in such a direc- 
tion that the propeller blades rotated upward at the wing tip and downward near 
the root. The wing had a chord of 0.6 propeller diameter, a Fowler flap, an 
aspect ratio of 4.05 ( 2.025 for the semispan), a taper ratio of 1.0, and an 
NACA 4415 airfoil section. 

The data are presented without detailed analysis, but three results were 
found to stand out very markedly from a casual inspection of the data. First, 
the tuft tests showed no stall on the part of the wing immersed in the propeller 
slipstream at angles of attack well above that corresponding to the peak of the 
lift curve for the high-thrust conditions corresponding to operation in the STOL 
range of flight. Second, the wing-flap combination was found to be sufficiently 
effective to prevent wing stall except in the unprotected center section (judged 
from tuft-test results) over the entire range of STOL operating conditions cov- 
ered in the tests, which included the conditions required for descent angles as 
high as about 20° for each test. And, third, the use of leading-edge high-lift, 
or stall-control devices was not found to be beneficial in the conditions corre- 
sponding to the STOL flight range, evidently because the wing did not stall with- 
out such devices. 


INTRODUCTION 


Most of the aerodynamic research that has been done on the tilt-wing 
propeller-driven V/STOL configuration in the past has been of an exploratory 
character and has been obtained with small-scale models. The interest in this 
type of airplane has now become so substantial, however, that there is a need for 
large-scale systematic aerodynamic design data for this type of airplane. A pro- 
gram has therefore been inaugurated at the Langley Research Center to provide 
such information by means of tests of a large-scale semispan tilt-wing-and- 
propeller model in the Langley full-scale tunnel. Tests have been completed on 
a model having a single propeller on the semispan wing and having a chord- diameter 
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ratio of 0 . 6 ; a 40-percent-chord Fowler flap, and three different leading-edge 
flow-control devices - a slat, a droop nose, and a Krueger flap. The investiga- 
tion covered a range of angle of attack from -20° to 90 ° and a range of power 
conditions from zero thrust to that required for hovering. The direction of pro- 
peller rotation was such that the blades were going upward at the wing tip. The 
lift, drag, and pitching moments of the model were measured over the range of 
test conditions and the flow was observed by means of tufts on the upper surface 
of the wing. The results of this investigation are presented herein without 
detailed analysis in order to expedite their dissemination to industry and the 
military services. A few observations are made, however, of some of the more 
obvious results. 


SYMBOLS 


The positive sense of forces, moments, and angles is shown in figure 1. The 
pitching-moment coefficients are presented with reference to the wing quarter- 
chord line. The coefficients are based on the dynamic pressure in the propeller 
slipstream. Conventional coefficients based on the free-stream dynamic pressure 
can be obtained by dividing the slipstream coefficients by ^1 - Ct,s)> for 

example , C L = C L# y^l - C T#S ) . 

The coefficients and symbols used in this paper are defined as follows: 

C T lift coefficient based on free airstream, -£*- 

L qS 


c L,s 


lift coefficient based on slipstream, 


L 

q g S 


c D^s 


drag coefficient based on slipstream, 


D 


q s S 


c m,s 


My 

pitching moment based on slipstream, — — 

q s Sc 


C 


T,s 


thrust coefficient based on slipstream, 


T 



b propeller blade chord 

c wing chord, ft 


2 



D 


propeller diameter, ft; also, total model drag, lb 
h width of slat or of flap-slot gap; also thickness of propeller blade 

L total model lift, lb 

My pitching moment, ft -lb 

pV 2 . 

q free-stream dynamic pressure, lb/sq ft 

I u 

q s slipstream dynajnic pressure, q + , lb/sq ft 

nD 2 /k 

r radius to element on propeller blade 

R radius of propeller blade (jk in . ) 

S area of semispan wing (23.62 sq ft) 

T propeller thrust, lb 

a ahgle of attack, deg 

Fowler flap deflection, deg 

6 S leading-edge -slat deflection, deg 

6n droop-nose deflection, deg 

&K Krueger flap deflection, deg 

p mass density of air, slugs/cu ft 

V free-stream velocity, ft/sec 

APPARATUS 

The model used in this investigation was a semispan model which would repre- 
sent the left panel of a full-span wing. The principal dimensions are given in 
figure 2(a), the propeller blade characteristics are given in figure 2(b), and a 
photograph showing the model mounted in the Langley full-scale tunnel is pre- 
sented in figure 2(c). The wing was mounted on the scale balance system in the 
tunnel so that lift and drag measurements were read directly about the wind axis. 
At the point where the wing extended through the reflection plane, very soft 
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sponge rubber was used as a seal to prevent air from leaking through the reflec- 
tion plane at the wing root. 

The model was constructed to allow numerous changes to be made in the test 
configuration, such as a change of airfoil, leading-edge modification, trailing- 
edge flap, direction of rotation of the propeller, and wing planform. The basic 
structure of the wing consists of a heavy steel box-beam spar to which a power 
train to drive the propellers through spanwise shafting is attached, and around 
which various airfoil contours can be fitted. 

The model configuration for the present tests had a single 68-inch-diameter 
propeller having the characteristics shown in figure 2(b). The propeller was 
located spanwise so that the propeller tip extended out to the wing tip. The 
direction of propeller rotation was up at the wing tip and down at the root. 

This mode of rotation is sometimes referred to as "with the tip vortex." Propel- 
ler thrust was measured by a strain-gage balance which was a part of propeller 
shaft. The output was fed through sliprings to an indicating instrument. The 
required values of thrust for each Cq^ s were set by the operator by changing 
the speed of the drive motor. The blade angle at the 0.75R station of the propel- 
ler was held constant at I7.O 0 throughout the investigation. The thrust axis was 
inclined upward 4° from the chord line of the wing to correspond approximately to 
the zero-lift line of the NACA 4415 airfoil section. 

The airfoil used was the NACA 4415 section with a 4l-inch chord. This chord 
length gave a ratio of wing chord to propeller diameter of 0.6. The reference 
area of the wing based on a semispan of 83 inches was 23.62 square feet, which 
did not include the area of the tip fairing. 

The model had a 40-percent-chord Fowler-type trailing-edge flap which, at 
the hinge point shown in figure 3, had a deflection range from 0° to 60°. With 
this hinge position the flap, at a deflection of 50°, was located in a near- 
optimum position but at a deflection of 60°, the flap nose had rotated to a posi- 
tion behind the trailing edge of the wing. The flap was repositioned for one 
test to give the same relative gap geometry at the 6o° deflection as for the 50° 
deflection (see fig. 3)/ and this position has been designated the "alternate 
hinge point." 

The three leading-edge flow-control devices shown in figure 3 were investi- 
gated in combination with the flap on this model. These devices were a Krueger 
flap, a drooped nose, and a leading-edge slat. The Krueger flap, which in the 
retracted position in actual use would form the bottom contour of the nose sec- 
tion, was constructed of sheetmetal and was hinged at the wing 0.17c station. 

Its deflection could be varied from 30° to 90° in increments of 10°. Leading- 
edge droop was provided by deflecting the entire nose section about a hinge point 
on the lower surface at the 0.17c station. The range of droop angles was from 0° 
to 30°. For the leading-edge slat, two deflection angles (20° and 30°) and two 
slot gaps (0. 0244c and 0.0122c) were provided. With gaps of 0.0244c and 0.0122c 
the trailing edges of the slats were 0.0205c and 0.0151c, respectively, above the 
wing chord. These slat deflections were greater than those normally used on con- 
ventional airplanes, and the slat was located in a lower position. These slat 
deflections and positions were selected on the basis of previous small-scale 


tilt-wing tests , but no effort was made to insure that they were near optimum, 
since it was found that the wing did not stall in the test range and therefore 
did not benefit from the use of leading-edge flow-control devices. 


TESTS, RESULTS, AND CONCLUSIONS 


Before the tests were begun it was necessary to determine the nature of the 
tunnel conditions in which the model would be operating. Extensive surveys at 
the model location and 20 feet ahead of the model were made with the tunnel empty 
and at 20 feet ahead of the model with the model installed and operating at a 
high-lift configuration. It was found that because of the small size of the 
model in relation to the tunnel size, the model had very little effect on the 
flow. dynamic pressure variation was about 1.0 percent and changes in stream 
angles were less than 0.5°. Consequently, no corrections have been applied to 
the data. 

The tests were run for a range of Fowler flap deflections and a range of 
settings for the leading-edge flow-control devices. The specific configurations 
tested, together with a list of tables and figures in which the data for each may 
be found, are given in the following table: 


Leading-edge configuration 

Flap deflection, deg 

Table 

Figure 

Basic leading edge 

Sf = 0 

1 

4 


Sf * 20 

2 

5 


6 f = 40 

3 

6 


6 f = 50 

4 

7 


6 f = 60 

5 

8 


5f = 60 * 

6 

9 

Droop nose: ^ = 20° 

6f = 4o 

7 

10 

& 

ii 

oj 

o 

o 

6f = 40 

8 

11 

5n = 10° 

Bf = 50 

9 

12 

5n = 20° 

6f = 50 

10 

13 

Bn = 50° 

Bf = 50 

11 

14 

Krueger flap: &£ = 30° 

8 f = 20 

12 

15 

5 K = 50° 

Bf = 50 

13 

16 

Sjj = 60 ° 

6 f = 50 

14 

17 

& 

II 

O 

o 

Sf = 50 

15 

18 

5k = 8o° 

Bf = 50 

16 

19 

Leading-edge slat: 




h/c = 0.012} 5 S = 20° 

Bf = 50 

17 

20 

h/c = 0.024} 6s = 20° 

Sf = 50 

18 

21 

h/c = 0.012} 6 S = 30° 

Bf = 50 

19 

22 

h/c = 0.024} 6 S = 30° 

Bf = 50 

20 

23 


* 

Alternate hinge point. 
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The tests were made over a range of thrust coefficient from 0 to 1.0, and for any 
given test the thrust coefficient was held constant over the angle -of -attack 
range by adjusting the propeller speed to give the required thrust at each angle 
of attack. The angle -of -attack range for the tests was approximately from the 
angle required for zero lift to that required to stall the wing or develop a 
drag-lift ratio of about 0.3, whichever was lower, except for C^ s = 1.0 (the 
static thrust case) where the angle -of -attack range was 0° to 90°. 

The data presented have not been analyzed in detail but have been examined 
to observe the general trends. From this examination, three results are note- 
worthy. First, the tuft tests showed no stall on the part of the wing immersed 
in the propeller slipstream at angles of attack well above that corresponding to 
the peak of the lift curve for the high-thrust conditions corresponding to opera- 
tion in the ST0L range of flight; however, for the low thrust coefficients, the 
center-section stall correlates with the angle of attack for maximum lift. Sec- 
ond, the wing-flap combination was found to be sufficiently effective to prevent 
wing stall (judged from tuft-test results) over the entire range of ST0L operating 
conditions covered in the tests, which included the conditions required for 
descent angles as high as about 20° for each test. Third, the use of leading- 
edge high-lift, or stall-control devices, was not found to be beneficial in the 
conditions corresponding to the ST0L flight range, evidently because the wing did 
not stall without such devices. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 18, 1963 . 
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TABLE 1.- TABULATED AERODYNAMIC DATA FOR 5f = 0°, ^ = 0° 


a, deg 

Cl,b 

c D,s 

c m,s 


c T,s 

1.00 


-20 







-15 




-10 












0 

0.119 

-1.034 

-0.002 

5 

.250 

-1.025 

.003 

10 

• 338 

-1.000 

-.002 

15 

.418 

-.963 

-.003 

20 

25 

• 507 

-.919 

.001 




30 

35 

.654 

-.817 

-.007 




4o 

45 

• 779 

-.701 

-.019 




50 

55 

.869 

-.569 

-.030 




60 

65 

.951 

-.441 

-.047 




70 

75 

1.004 

-.265 

-.058 




80 

1.040 

-.082 

-.057 

90 

1.034 

.104 

-.062 


C T f S 

0.95 


-20 

-0.374 

-0.928 

-o.o48 

-15 

-.253 

-.964 

-.036 

-10 

-.115 

-.984 

-.026 

-5 

.021 

-.991 

-.019 

0 

.167 

-.976 

-.011 

5 

.296 

-.956 

-.007 

10 

.428 

-.916 

-.003 

15 

.540 

-.868 

-.004 

20 

.663 

-.789 

-.008 

25 

.749 

-727 

-.014 

30 

.827 

-.628 

-.014 

35 

• 905 

-.544 

-.018 

4o 

.964 

-.454 

-.026 

45 

1.022 

-.348 

-.030 

50 

1.060 

-.237 

-.030 

55 

1.109 

-.108 

-.024 

6o 

1.126 

.002 

-.026 

65 

1.135 

.132 

-.023 

70 

l.l4o 

.250 

-.017 

75 

I.125 

.374 

-.010 


c T,s ; 

= 0.90 


-20 

-0.434 

-0.852 

-0.048 

-15 

-.284 

-.905 

-.043 

-10 

-.116 

-.933 

-.034 

-5 

.04o 

-.941 

-.026 

0 

.207 

-.924 

-.010 

5 

.363 

-.896 

-.011 

10 

.524 

-.852 

.003 

15 

.658 

-.789 

-.002 

20 

.777 

-.690 

-.021 

25 

.882 

-.600 

-.016 

30 

• 977 

-.493 

-.035 

35 

1.061 

-.384 

-.047 

4o 

1.120 

-.265 

-.050 

45 

1.167 

-.142 

-.057 

50 

1.180 

-.029 

-.063 

55 

I.I89 

.089 

-.074 

6o 

1.191 

.200 

-.071 

65 

1.169 

.297 

-.071 

70 

1.145 

• 379 

-.059 


a, deg 

c L,s 

c D,s 



c T,s 

0.80 


-20 

-0.514 

-0.704 

-0.057 

-15 

-.348 

-771 

-.067 

-10 

-.148 

-.814 

-.056 

-5 

.042 

-.825 

-.047 

0 

.240 

-.805 

-.04o 

5 

.437 

-.769 

-.023 

10 

.644 

-.713 

-.020 

15 

.825 

-.639 

-.020 

20 

.954 

-.530 

-.039 

25 

1.059 

-.408 

-.059 

30 

1.173 

-.267 

-.077 

35 

1.249 

-.123 

-.094 

40 

1.300 

.017 

-.105 

45 

1.328 

.155 

-.113 

50 

1.339 

.276 

-.112 

55 

1.317 

.393 

-.111 

60 

1.203 

.486 

-.101 


C T,6 

0.60 


-20 

-0.669 

-0.448 

-0.066 

-15 

-.475 

-.531 

-.075 

-10 

-.229 

-.5 88 

-.083 

-5 

.016 

-.596 

-.074 

0 

.284 

-.588 

-.063 

5 

.558 

-.546 

-.058 

10 

.852 

-.464 

-.045 

15 

1.096 

-.377 

-.053 

20 

1.215 

-.243 

-.086 

25 

1.317 

-.107 

-.105 

30 

1.430 

.069 

-.142 

35 

1.443 

.234 

-.164 

4o 

1.481 

• 379 

-.180 

45 

1.455 

.488 

-.184 

50 

1.419 

.596 

-.189 


C T,s = 

= 0.30 


-20 

-0.765 

-0.070 

-0.053 

-15 

-.611 

-.205 

-.110 

-10 

-.306 

-.270 

-.115 

-5 

0 

-.292 

-.097 

0 

.350 

-.273 

-.083 

5 

.700 

-.214 

-.072 

10 

1.076 

-.122 

-.085 

15 

l.4oi 

-.016 

-.100 

20 

1.516 

.152 

-.168 

25 

1.617 

.328 

-.205 

30 

1.651 

.505 

-.259 

35 

1.598 

.667 

-.273 

40 

1.488 

.776 

-.275 


c T,s 

= 0 


-20 

-0.881 

0.264 

-0.049 

-15 

-.718 

.115 

-.128 

-10 

-.351 

.027 

-.l4l 

-5 

.009 

.025 

-.115 

0 

.430 

.047 

-.099 

5 

.828 

.090 

-.092 

10 

1.289 

.194 

-.116 

15 

1.661 

.326 

-.139 

20 

1.828 

.527 

-.222 

25 

1.976 

.712 

-.273 

30 

1.783 

.875 

-330 

35 

1.679 

1.031 

-.382 
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TABLE 2. - TABULATED AERODYNAMIC DATA FOR 5 f = 20°, Bjj » 0° 


/ 




c L,s 


c D,s 


C T , S = 0.80 


-0.178 

.024 

.238 

.432 

.649 

.851 

1.055 

1.213 

1.274 

1.321 

1-390 

1.403 

1.410 

1.388 

1.360 

1.315 


-O.762 

-•799 

-.798 

-•775 

-.725 

-.654 

-.557 

-.445 

-.316 

-.183 

-.058 

.069 

.194 

.305 

.398 

.476 


c T,i 


= 0.60 


-0.246 
-.019 
.280 
• 551 
.862 
1.150 
1.450 
1.662 
1.658 
1.675 
1.630 
1-599 


-0.496 
-.580 
-.572 
-.543 
-.487 
-.386 
-.273 
-135 
.017 
.180 
• 321 
.450 


u T,s 


= 0.30 


-0.305 

-.033 

.354 

.694 

1.102 

1.494 

1.904 

2.182 

2.042 

2.028 


- 0.361 

-.055 

.423 

.852 

1-332 

1.829 

2.291 

2.652 

2.498 

2.323 


u T,s 


-0.158 

-.256 

-.269 

-.223 

-.144 

-.035 

.117 

.289 

.461 

.639 


0.165 

.064 

.064 

.088 

.172 

.298 

.485 

.679 

.888 

1.053 


-0.238 

-.250 

-.256 

-.245 

-.246 

-.252 

-.260 

-.269 

-.283 

-.282 

-.284 

-.270 

-.263 

-.255 

-.233 

-.203 


-0.267 

-.316 

-.321 

-.320 

-.326 

-.346 

-.366 

-.370 

-.385 

-.381 

-370 

-.352 


-0.276 

-.365 

-.392 

-.398 

-.421 

-455 

-.479 

-.490 

-.496 

-.532 


-0.310 

-.432 

-.469 

-.474 

-.499 

-.547 

-.579 

-.596 

-.628 

-.632 
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, deg 


-20 

-15 

-10 

-5 

o 

5 

10 

15 

20 

25 

50 

55 

40 

45 

50 

55 

60 

65 

70 

75 

80 

90 


-20 

-15 

-10 

-5 

o 

5 

10 

15 

20 

25 

50 

55 

4o 

45 

50 

55 


-20 

-15 

-10 

-5 

0 

5 

10 

15 

20 

25 

50 

55 

40 

45 

50 


TABLE 6.- TABULATED AERODYNAMIC DATA FOR 5 f = 60°, 


6n = 0°, AND ALTERNATE HINGE POINT 


c L,s 

| c D,s 

J c m,s 

C T,s 

= 1.00 











0.555 

-0.769 

-0.280 

.615 

-.729 

-.550 

.675 

-.670 

-.529 

.718 

-.618 

-.527 

.757 

-.565 

-.318 

.817 

-.448 

-.324 

.878 

-.512 

-550 

.919 

-.152 

-■550 

.952 

.017 

-.329 

.909 

.194 

-555 

.855 

.555 

-.351 

.769 

.478 

-33>. 


Ct,s = 0.95 


0.297 

-0.837 

-0 . 4o4 

.425 

-.814 

-.418 

.563 

-.769 

-.423 

.669 

-.713 

-.422 

.809 

-.636 

-.449 

.884 

-557 

-435 

• 990 

-.448 

-.456 

1.085 

-335 

-.467 

1.155 

-.227 

-.469 

1.176 

-.116 

-.477 

1.203 

-.008 

-.46o 

1.222 

.096 

-.449 

1.191 

.144 

-.402 

1.176 

.205 

-.356 

1.153 

.268 

-.322 

1.138 

.336 

-.289 


Ct } s - 0 . 90 


0.358 

-0.768 

-0.465 

.501 

-•737 

-.466 

.656 

-.691 

-.470 

.809 

-.620 

-.479 

• 973 

-.530 

-.498 

l.lll 

-.422 

-.521 

1.240 

-.286 

-.540 

1.341 

-.158 

-.553 

1.387 

-.030 

-.543 

1.407 

.082 

-.522 

1.409 

.170 

-.495 

1.373 

.234 

-.438 

1.334 

.291 

-.383 

I.292 

.335 

-.341 

I.238 

.386 

-.299 



a, deg 

C L,S 

c D,s 

| c m,s 



c T,s 

= 0.80 



-20 

0.339 

-0.623 

-0.502 


-15 

.617 

-.595 

-.550 


-10 

.815 

-.546 

-.548 


-5 

1.003 

-.468 

-.556 


0 

1.256 

-345 

-.607 


5 

1.463 

-.199 

-.647 


10 

1.611 

-.049 

-.654 


15 

1.649 

• 079 

-.640 


20 

1.604 

.173 

-.576 


25 

1.606 

.279 

-.542 


30 

1.558 

.331 

-.486 


35 

1.476 

.387 

-.412 


4 o 

1.382 

.430 

-.354 



c T,s 

= 0.60 



-20 

0.394 

-0.373 

-0.580 


-15 

.764 

-338 

-.644 


-10 

1.010 

-.286 

-.641 


-5 

1.274 

-.216 

-.654 


0 

1.622 

-.059 

-.712 


5 

1.903 

.115 

-.792 


10 

2.128 

.313 

-.807 


15 

2.304 

.501 

-.829 


20 

1.995 

.538 

-.684 


25 

1.803 

■ 590 

-.560 



C T,s ; 

= 0.30 



-20 

0.321 

-0-047 

-0.584 


-15 

.952 

.009 

-‘773 


-10 

1.305 

.062 

-‘795 


-5 

1.606 

.139 

-*777 


0 

2.033 

.322 

-.858 


5 

2.451 

.543 

-.945 


10 

2.783 

.778 

“967 


15 

3-055 

1.034 

-1.024 


20 

2.478 

1.017 

-.786 


25 

2.010 

1.016 

-.659 



C T,s 

= 0 



-20 

0.168 

0.306 

-0.515 


-15 

1.032 

.289 

-.841 


-10 

1.505 

.386 

-879 


-5 

1.944 

.512 

-.926 


0 

2.480 

.719 

-1.003 


5 

2.909 

.931 

-I.070 


10 

3.272 

1.181 

-1.121 


15 

3.490 

1.402 

-1.085 


20 

2.688 

1.396 

-.868 


25 

2.110 

1.420 

-.781 


hum iflliiMimmi ll 1 1 1 ill 
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TABLE 9.- TABULATED AERODYNAMIC DATA FOR 6 f = 50°, Bn = 10 ( 


a, deg 

C L ,8 

c D,b 

Cm, 8 


C T ,s 

= 1.00 


-20 

-15 










-10 

_5 








0 

0.519 

-0.817 

-0.305 

5 

.591 

-.786 

-.308 

10 

.656 

-.718 

-.310 

15 

.709 

-.676 

-.304 

20 

25 

.763 

-.608 

-.307 




50 

35 

.836 

-.491 

-.314 




4o 

45 

.884 

-.369 

-.317 




50 

55 

.920 

-.226 

-.322 




6o 

65 

• 950 

-.025 

-330 




70 

75 

• 939 

•1*3 

-.332 




8o 

.893 

.321 

-.339 

90 

.825 

.472 

-.328 


CTjB 

- 0.95 


-20 

0.191 

-0.879 

-0.360 

-15 

.343 

-.880 

-.382 

-10 

.502 

-.828 

-.397 

-5 

.638 

-.772 

-.409 

0 

.781 

-.697 

-.434 

5 

.892 

-.604 

-.446 

10 

.978 

-.514 

-.*37 

15 

1.049 

-.420 

-.447 

20 

1.117 

-.312 

-.444 

25 

1.156 

-.214 

-.442 

30 

1.187 

-.104 

-.430 

35 

I.202 

-.010 

-.419 

4o 

1.208 

.093 

-396 

45 

1.198 

.158 

-351 

50 

1.174 

.223 

-.311 

55 

1.155 

.294 

-.271 

6o 

1.137 

.3^3 

-.244 


C T,s 

= 0.90 


-20 

0.197 

-O.808 

-0.389 

-15 

.413 

-.798 

-.425 

-10 

.608 

-.751 

-.451 

-5 

.769 

-.688 

-.464 

0 

.929 

-.6o4 

-.486 

5 

I.081 

-.492 

-.507 

10 

1.216 

-.365 

-532 

15 

1.307 

-.247 

-.533 

20 

1.350 

-.124 

-.512 

25 

1.381 

-.010 

-507 

30 

1.400 

.102 

-.480 

35 

1.382 

.176 

-.436 

4o 

1.357 

.246 

-391 

45 

1.319 

.315 

-352 

50 

1.255 

.361 

-.306 

55 

1.212 

.409 

-.258 


a, deg 

C L ,s 

c D,s 

Cm, s 


Ct,s 

= 0.80 


-20 

0.147 

-0.665 

-0.4o4 

-15 

.403 

-.668 

-.446 

-10 

.749 

-.622 

-.528 

-5 

.968 

-545 

-.576 

0 

1.197 

-.434 

-592 

5 

1.392 

-.301 

-.61 6 

10 

1.560 

-.137 

-.633 

15 

1.685 

.003 

-.638 

20 

1.692 

.118 

-.609 

25 

1.607 

.201 

-543 

30 

1.555 

.274 

-.474 

35 

1.498 

.343 

-.409 

4o 

1.416 

.402 

-.364 

45 

1.347 

.476 

-332 


c T,s 

= 0.60 


-20 

0.121 

-0.400 

-0.433 

-15 

.548 

-.419 

-.566 

-10 

.918 

-.360 

-.627 

-5 

1.203 

-.291 

-.692 

0 

1.599 

-.139 

-731 

5 

1.899 

.027 

-.782 

10 

2.135 

.235 

-.810 

15 

2.338 

.411 

-.741 

20 

2.011 

.448 

-.678 

25 

1.958 

.554 

-585 

30 

1.775 

.620 

-541 


C T,s 

=« 0.30 


-20 

0.090 

-0.066 

-0. 44o 

-15 

.448 

-.088 

-.537 

-10 

1-197 

-.030 

-•779 

-5 

1.552 

.062 

-•799 

0 

2.036 

.232 

-.882 

5 

2.437 

.447 

-952 

IO 

2.768 

.689 

-.969 

15 

2.952 

.886 

-.965 

20 

2.159 

.850 

-.723 

25 

2.118 

.976 

-673 


C T,s 

; = 0 


-20 

0.097 

0.287 

-0.440 

-15 

.541 

.235 

-.612 

-10 

1.411 

.286 

-.888 

-5 

1.890 

.417 

-958 

0 

2.414 

.617 

-1.031 

5 

2.893 

.837 

-1.086 

10 

3.307 

1.091 

-1.127 

15 

2.887 

1.133 

-.941 

20 

2.023 

l.l4o 

-.781 


15 


L 









TABLE 11.- TABULATED AERODYNAMIC DATA FOR 8f = 50°, Bn = 50° 


a, deg 


c L,s 


c D,s 





c T,s 

= 1.00 


-20 

-15 

-10 













0 

5 

10 

15 

20 

25 

50 

55 

4 o 

45 

50 

55 

60 

65 

70 

75 

80 

90 

0.427 

.519 

.582 

.634 

.689 

-O.836 

-.781 

-756 

-.688 

-.638 

- 0.248 

-.259 

-.254 

-.247 

-.246 

• 777 

-.526 

-.234 

.832 

-.398 

-.245 

.885 

-.259 

-.254 

.923 

-.090 

-.262 

.922 

.067 

-.263 

.889 

.831 

.219 

.382 

-.265 

-.268 


C T,s 

= 0.95 



-20 

0.053 

-O.832 

-0.255 

-15 

.202 

-.838 

-.280 

-10 

.378 

-.820 

-.310 

-5 

■509 

-.784 

-.320 

0 

.663 

-.715 

-.345 

5 

.806 

-.632 

-378 

10 

.947 

-525 

-.402 

15 

1.041 

-.412 

-.427 

20 

1.100 

-.311 

-.431 

25 

1.132 

-.219 

-.421 

50 

1.165 

-.116 

-.407 

35 

1.178 

-.025 

-393 

4 o 

1.183 

.074 

-.374 

45 

1.173 

.144 

-.341 

50 

1.161 

.203 

-.299 

55 

1.142 

.2 66 

-.260 

60 

1.116 

.323 

-.226 


C T,s 

= 0.90 



-20 

0.042 

-0.762 

- 0.284 

-15 

.205 

-.776 

-.301 

-10 

.435 

-.754 

-.343 

-5 

.629 

-.701 

-.376 

0 

.842 

-.620 

-.427 

5 

1.033 

-.502 

-.471 

10 

1.185 

-378 

-.511 

15 

1.288 

-.258 

-.518 

20 

1.368 

-.114 

-.526 

25 

1.374 

-.012 

-.506 

30 

1.387 

.092 

-.481 

35 

1.381 

.184 

-.452 

4 o 

1.361 

.267 

-.406 

45 

1.320 

.308 

-.344 

50 

1.262 

.356 

-.293 

55 

1.199 

.385 

-.251 


X, deg 

c L,s 

c D,s 

Cm,s 


c T,s 

= 0.80 


-20 

0.031 

- 0.609 

- 0.321 

-15 

.191 

-.631 

-.332 

-10 

.443 

-.625 

-.360 

-5 

• 759 

-.570 

-.447 

0 

1.102 

-.447 

-.543 

5 

1.354 

-.302 

-.602 

10 

1.535 

-.145 

-.634 

15 

1.681 

.008 

-.638 

20 

1.617 

.103 

-.601 

25 

1.612 

.218 

-.564 

30 

1.621 

■332 

-531 

35 

1.555 

.403 

-.462 

4 o 

1.459 

.448 

-396 


C T,s 

= 0.60 


-20 

-0.038 

-0.368 

-0.302 

-15 

.215 

-.398 

-.362 

-10 

.522 

-.394 

-.416 

-5 

1.019 

-315 

-.561 

0 

1-530 

-.156 

-.706 

5 

1.860 

.015 

-.774 

10 

2.119 

.223 

-. 8 o 4 

15 

2.275 

• 397 

-.806 

20 

1.927 

.416 

-.660 

25 

1.844 

.523 

-•591 

30 

1.802 

.633 

-.551 


c T,s " 0.30 


-20 

-0.110 

- 0.034 

-0.208 

-15 

.128 

-.069 

-.286 

-10 

.581 

-.050 

-.439 

-5 

1.325 

.o 4 o 

-703 

0 

1.968 

.225 

-.861 

5 

2.422 

.439 

-.963 

10 

2.782 

.677 

-.984 

15 

2.951 

.869 

-.980 

20 

2.051 

■ 792 

-.681 

25 

I.787 

.828 

-.66 1 


C T,s = 0 


-20 

-15 

-10 


-5 

0 


-0.180 

0.303 

-0 . 181 

.029 

.253 

-.209 

-542 

.250 

-.419 

1.527 

.365 

-.795 

2.373 

.602 

- 1.023 

2.886 

.834 

-1.098 

3-279 

1.076 

-1.121 


5 

10 
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TABLE 13.- TABULATED AERODYNAMIC DATA 
FOR 8 f = 50°, 5 k = 50° 


cl, deg 

c L,s 

c D,s 

Cm,s 


c T,s = 

0.90 


-20 

-0.077 

-0.711 

-0.251 

-15 

.083 

-.723 

-.250 

-10 

.276 

-.721 

-.279 

-5 

.1(50 

-.693 

-.291 

0 

.596 

-.650 

-.303 

5 

• 751 

-.580 

-.313 

10 

■ 907 

-.484 

-.342 

15 

1.05k 

-.371 

-.364 

20 

1.186 

-.229 

-.410 

25 

1.250 

-.101 

-.421 

30 

1.291 

.011 

-.413 

35 

1.294 

.105 

-.396 

ho 

1.281 

.180 

-•357 

45 

1-257 

.253 

-.317 

50 

1.182 

.282 

-.263 

55 

1-155 

.341 

-.235 

60 

1.128 

.377 

-.198 


C T,s = 

0.80 


-20 

-0.155 

-0.576 

-0.203 

-15 

.025 

-.605 

-.234 

-10 

.261 

-.603 

-.288 

-5 

.508 

-.566 

-.336 

0 

.802 

-.498 

-.380 

5 

1.000 

-.4o8 

-.402 

10 

1.209 

-.288 

-.437 

15 

1.410 

-.132 

-.475 

■ 20 

1-571 

.032 

-.503 

25 

1.578 

.172 

-.500 

30 

1.609 

• 303 

-.474 

35 

1.591 

.402 

-.435 

1(0 

1.500 

.477 

-.394 


c T,s = 

0.6© 


-20 

-0.172 

-0.318 

-0.210 ! 

-15 

-.008 

-.363 

-.227 

-10 

.245 

-.381 

-.274 

-5 

.544 

-.340 

-.346 

0 

1.053 

- . 244 

-.471 

5 

1.461 

-.107 

-.518 

10 

1.825 

• 077 

-.646 i 

15 

2.072 

.279 

-.687 

20 

2.292 

.515 

-.705 

25 

1-973 

• 552 

-.619 

30 

1.917 

.683 

-.563 


TABLE l4.- TABULATED AERODYNAMIC DATA 
FOR 6 f = 50°, 6 k = 60° 


a, deg 

c L,s 

Cd,s 

Cm,s 


°T,s = 

0.90 


-20 

-0.097 

-0.713 

-0.205 

-15 

.068 

— 741 

-.229 

-10 

.264 

-.716 

-.261 

-5 

.421 

-.693 

-.275 

0 

.587 

-.638 

-.500 

5 

.727 

-579 

-.500 

10 

.882 

-.489 

-.321 

15 

VO 

00 

-.403 

-550 

20 

1.116 

-.270 

-.361 

25 

1.171 

-.143 

-.421 

30 

1.254 

-.016 

-.390 

35 

1.261 

.081 

-.373 

ho 

1.250 

.161 

-.343 

45 

1.202 

.225 

-.501 

50 

1.160 

.278 

-.269 

55 

1.135 

.324 

-.227 


c T,s = 

0.80 


-20 

-0.153 

-0.578 

-0.187 

-15 

.015 

-.605 

-.222 

-10 

.246 

-598 

-.260 

-5 

.492 

-563 

-.314 

0 

.767 

-.496 

-357 

5 

• 975 

-.419 

-•377 

10 

1.174 

-.300 

-.408 

15 

1.365 

-.155 

-.446 

20 

1.529 

.013 

-.479 

25 

1.588 

.154 

-.485 

30 

1.572 

.271 

-.459 

35 

1-554 

.380 

-.425 

4o 

1 

1.462 

.450 

-384 


CT,s = 

0.60 


-20 

-0.167 

-0-314 

-0.196 

-15 

-.030 

-.362 

-193 

-10 

.213 

-.383 

-235 

-5 

.508 

-359 

-311 

0 

•977 

-.247 

-.433 

5 

1.599 

-.119 

-.525 

10 

1.765 

.062 

-.599 

15 

2.021 

• 257 

-.6 56 

20 

2.247 

.475 

-.670 

25 

1.867 

.522 

-583 

3° , 

1.809 

.630 

-532 
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TABLE 15.- TABULATED AERODYNAMIC DATA TABLE 16.- TABULATED AERODYHAMIC DATA 

FOR 6f = 50°, &K = 70° FOR 8f = 50°, 8jc = 80° 



20 



TABLE 17.- TABULATED AERODYNAMIC DATA FOB 


TABLE 18.- TABULATED AERODYNAMIC DATA FOR 


Sf = 50°, 8 S = 20°; - = 0.012 

C 


8f = 50°, 8 S = 20°, - = 0.024 

C 


a, deg 





c T,s = 

0.90 


-20 

-0.046 

-0.735 

-0.257 

-15 

.122 

-.756 

-.273 

-10 

•314 

-.744 

-.295 

-5 

.481 

-.709 

-.322 

0 

.642 

-.646 

-.338 

5 

.810 

-.560 

-.364 

10 

■ 999 

-.433 

-.420 

15 

1.137 

-.311 

-.442 

20 

1.255 

-.178 

-.459 

25 

1.319 

-.043 

-.463 

30 

1.333 

.067 

-.448 

35 

1.312 

.138 

-.408 

ho 

1.279 

.211 

-.371 

45 

1.250 

.270 

-.326 

50 

1.189 

.308 

-.274 

55 

1.150 

.361 

-.243 


C T,s = 

0.80 


-20 

-0.096 

-0.603 

-0.260 

-15 

•079 

-.625 

-.281 

-10 

•311 

-.621 

-.317 

-5 

•553 

-.584 

-.366 

0 

.840 

-.503 

-.411 

5 

1.092 

-.387 

-.456 

10 

1.319 

-.232 

-.510 

15 

1.509 

-.079 

-.547 

20 

1.673 

.110 

-.569 

25 

1.670 

.222 

-.547 

30 

1-593 

.289 

-.486 

35 

1.517 

.365 

-.423 

ho 

. 

1.475 

.450 

-•373 


Ct,s = 

= 0.60 


; 

-20 

-0.130 

-0.324 

-0.268 

-15 

.038 

-.370 

-.283 

-10 

.286 

-390 

-.320 

-5 

.617 

-.342 

-.387 

0 

1.147 

-.233 

-.522 

5 

1.558 

-.069 

-.6x6 

10 

1.950 

• 175 

-.734 

15 

2.170 

.376 

-.764 

20 

2.294 

•555 

-.728 

25 

2.222 

.618 

-.603 

30 

1-964 

.602 

-.475 

35 

1.865 

.674 

-.431 


cl, deg 

c L,s 

c D,s 

c m,s 


c T,s = 

= 0.90 


-20 

-O.060 

-0.733 

-0.256 

-15 

.103 

-.755 

-.274 

-10 

.311 

-.743 

-.302 

-5 

.48o 

-.707 

-.325 

0 

• 6 77 

-.636 

-.349 

5 

.842 

-.544 

-.390 

10 

1.016 

-.425 

-.421 

15 

1.145 

-.307 

-.449 

20 

1.258 

-.174 

-.459 

25 

1.329 

-.04l 

-.464 

30 

1.316 

.054 

-.451 

35 

I.329 

.151 

-.4l8 

4o 

1.293 

.205 

-.364 

45 

1.259 

.272 

-.323 

50 

1.195 

.304 

-.312 

55 

1.156 

• 371 

-.254 


C TjS = 

0.80 


-20 

-0.110 

-0.596 

-0.265 

-15 

.072 

-.6 29 

-.284 

-10 

.300 

-.626 

-.320 

-5 

.552 

-.585 

-.364 

0 

.832 

-•505 

-.412 

5 

1.104 

-.385 

-.471 

10 

1.344 

-.227 

-.524 

15 

1.543 

-.064 

-.565 

20 

I.685 

.121 

-.586 

25 

1.747 

.253 

-.570 

50 

1.651 

.306 

-.490 

55 

1.523 

.313 

-.380 

4o 

1.493 

.458 

-.389 


c T,s = 

= 0.60 


-so 

-0.139 

-0.328 

-0.267 

-15 

.029 

-.382 

-.282 

-10 

.282 

-.385 

-.321 

-5 

.624 

-.341 

-.382 

0 

1-159 

-.228 

-.530 

5 

I.608 

-.050 

-.650 

10 

1.979 

.186 

-.743 

15 

2.169 

.367 

-.750 

20 

2.298 

• 554 

-.723 

25 

2.291 

.643 

-.627 

30 

2.169 

.668 

-.511 

35 

1.924 

.655 

-.405 
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TABLE 19 -- TABULATED AERODYNAMIC DATA FOR 


TABLE 20.- TABULATED AERODYNAMIC DATA FOR 


8f = 50°, 5 S = 30°, | = 0.012 


S f =*'50°, S s = 30°, 


alt* 















(c) Photograph of model. 
Figure 2.- Concluded. 


L-63-6467 
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(b) Flow characteristics) C T ^ S = 1.00. 
Figure Continued. 


L-63-7527 









































L-63- 7532 


(g) Flow characteristics; C T ^ S = 0.30. 


Figure 4.- Continued. 












(h) Flow characteristics; 

Figure 4.- Concluded. 


0 . 


1-63-7533 



















(b) Flow characteristics; Crj^ s - 1.00. 
Figure 5 .- Continued. 


L-63- 7534 
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L 























(e) Flow characteristics j Crp s = 0.80. 
Figure 5 .- Continued. 


L-63-7537 

















L-63-7538 


^7 MfUJ I I I m-'JA/J ! 'A. 


1 / r, ! / jj< 


a - 10 


a = 20 


* 30 


(f) Flow characteristics; Crj-^ s = 0.60. 



(g) Flow characteristics; Crj^ s - 0.30. 


l-63-7539 


Figure Continued. 
















(b) Flow characteristics; Crp^ s = 1.00. 
Figure 6.- Continued. 


L-63-75I1 





















(d) Flow characteristics; Cy,s = 0-90. 
Figure 6.- Continued. 


L-63-75^3 





























(f) Flow characteristics) Crp^ s = 0.60. 
Figure 6.- Continued. 




















(g) Flow characteristics; Cx,s = 0.30. 
Figure 6.- Continued. 


L-63-7546 















(h) Flow characteristics; Cij^ s = 0. 
Figure 6.- Concluded. 


L- 63 -7547 














(b) Flow characteristics; Crj^ s = 1.00. 
Figure 7 .- Continued. 


L-63-7548 






































L-63- 7551 


(e) Flow characteristics; C T ^ S = 0.8o. 


Figure 7.- Continued. 















(f) Flow characteristics j “ 0.60. 

Figure 7 .- Continued. 


L-63-7552 
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L-63-7553 


a - -10" 


a = 5 


o 


(g) Flow characteristics; Crp >s = 
Figure 7 • - Continued. 


a = 20° 

0.30. 
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0 . 


L-63-755^ 


0 = -lCf 


a = 5 


a = 20 


(h) Flow characteristics; Ct )S = 


Figure 7.- Concluded. 
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(b) Flov 


Figure 































(e) Flow characteristics; Ct^s = 0.80. 
Figure 8.- Continued. 


L-63-7558 













(f) Flow characteristics; Cr^ s = 0.60. 
Figure 8.- Continued. 


L-63-7559 


















(g) Flow characteristics; Crp s = 0.30. 
Figure 8.- Continued. 


L- 63- 7560 


65 


1 


L 














(h) Flow characteristics; Crp^ s = 0. 
Figure 8.- Concluded. 


L-63-7561 
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(b) Flow characteristics; Ct ;S = 1.00. 
Figure 9»- Continued. 


L-63-7562 


















(e) Flow characteristics; C T ^ S = 0.80. 


L-63-7565 


Figure 9*- Continued. 

















(f) Flow characteristics; Cr^ s = 0 . 60 . L-63-7566 

Figure 9 *- Continued. 
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(g) Flow characteristics; C T ^ S = 0-30. 
Figure 9 .- Continued. 


L-63-7567 
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(h) Flow characteristics j C T ^ S = 0. 
Figure 9*- Concluded. 


L-63-7568 


7 ^ 









(b) Flow characteristics; C<p,s = 1.00. 
Figure 10.- Continued. 


L-63-7 569 




























(e) Flow characteristics; Ct,s “ 0.80. 


Ir-63-7572 


Figure 10.- Continued. 
















I 
























a - -10 


a - 


5 


o 


a - 20° 


(h) Flow characteristics; C<p >s = 0. 
Figure 10.- Concluded. 


L-65-7575 
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(b) Flow characteristics; Crj^ s = 1.00. 
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Figure 11.- Continued. 






























(e) Flow characteristics; C T ^ S = 0.80. 
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Figure 11.- Continued. 
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(b) Flow characteristics^ Crji^ s - 1.00. 
Figure 12.- Continued. 
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(f) Flow characteristics; Crp^ s = 0.60. 
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Figure 12. - Continued. 













(g) Flow characteristics; Cip^ s = 0.30. 
Figure 12.- Continued. 
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Figure 12.- Concluded. 
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(b) Flow characteristics; Cfj^ s = 1.00. 
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Figure 13.- Continued. 



























































(g) Flow characteristics; C.p^ s - 0-30. 
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Figure 13 . - Continued. 















(h) Flow characteristics; Cip^ s " 0. 
Figure 13*- Concluded. 
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Figure 14.- Continued. 






















































(f) Flow characteristics; Cr^ s = 0.60. 
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Figure 1^.- Continued. 
















(g) Flow characteristics; Ct /S = 0.30. 
Figure l4. - Continued. 
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Figure 14.- 
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(e) Flow characteristics j Ct^ s = 0.80. 
Figure 15.- Continued. 










(f) Flow characteristics; C T ^ S = 0.60. 
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Figure 15 . - Continued. 
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(c) Flow characteristics; C T ^ S = 0.80. 
Figure 16.- Continued. 
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(d) Flow characteristics ; Cr^ s = 0.60. L-63-9213 


Figure 16 .- Concluded. 








































(d) Flow characteristics; C T ^ S = 0.60. L-63-9216 


Figure 17 ♦- Concluded. 
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(c) Flow characteristics; C T 
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Figure l8.- Continued. 















(d) Flow characteristics ; Ct,s - 0.60. 
Figure l8.- Concluded. 
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(b) Flow characteristics; C^, s = 0.90. 
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Figure 19*- Continued. 










(c) Flow characteristics; Ct >s - 0.80. 
Figure 19.- Continued. 
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(d) Flow characteristics; Ct,s - 0.60. 
Figure 19 . - Concluded. 
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(b) Flow characteristics; C T s = 0.90. L-6^-9223 


Figure 20.- Continued. 








(c) Flow characteristics; Crp^ s - 0.80. 
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Figure 20.- Continued. 
















(d) Flow characteristics) C T ^ S = 0.60. 
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Figure 20.- Concluded. 





























(c) Flow characteristics j C T ^ S = 0.80. 
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Figure 21.- Continued. 


















(d) Flow characteristics; = 0.60. 
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Figure 21.- Concluded. 
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(t>) Flow characteristics; Cy )S = 0.90. 
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Figure 22.- Continued. 
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(c) Flow characteristics; Crp s = 0.80. 


Figure 22.- Continued. 

















(d) Flow characteristics; Crj^ s = 0.60. 
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Figure 22.- Concluded. 
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(c) Flow characteristics; Crp s = 0.80. 


Figure 23.- Continued. 
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(d) Flow characteristics; C T ^ S = 0 . 60 . 
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Figure 23.- Concluded. 
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